The epidermal growth factor receptor (EGFR) is an oncogenic trans-membranous receptor, which is overexpressed in multiple human cancers. However, the role of EGFR in gastric cancer (GC) is still elusive. In this study, we aimed to investigate the expression and molecular mechanisms of EGFR in GC cells. Forty cases of GC and the corresponding adjacent non-cancerous tissues (ANCT) were collected, and the expression of EGFR was assessed using immunohistochemistry in biopsy samples. Furthermore, EGFR signaling was blocked by constructed recombinant small hairpin RNA lentiviral vector (Lv-shRAGE) used to transfect into human GC SGC-7901 cells. The expression of AKT, proliferating cell nuclear antigen (PCNA) and matrix metallopeptidase-9 (MMP-9) was detected by real-time PCR and western blotting assays. Cell proliferative activities and invasive capability were, respectively, determined by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) and Transwell assays. Cell apoptosis and cycle distribution were analyzed by flow cytometry. EGFR was found highly expressed in cancer tissues compared with the ANCT and correlated with lymph node metastases. Knockdown of EGFR reduced cell proliferation and invasion of GC with decreased expression of AKT, PCNA and MMP-9 and induced cell apoptosis and cycle arrest. Upregulation of EGFR expression is associated with lymph node metastases of GC, and blockade of EGFR signaling suppresses growth and invasion of GC cells through AKT pathway, suggesting that EGFR may represent a potential therapeutic target for this aggressive malignancy.
INTRODUCTION
Gastric carcinogenesis is a multi-step process with genetic alterations, including mutation, activation of oncogenes and suppression of tumor-suppressor genes, and overexpression of growth factors. Genetic instability, DNA methylation and mutations are known to participate in the early development of gastric cancer (GC). Epigenetic changes become important areas in GC research. 1, 2 Evidence has indicated that GC is considered one of the most deadly tumors worldwide. Even with the decline in its incidence, the mortality rate of this disease has remained high, mainly due to its late diagnosis and to the lack of precise prognostic markers. 3, 4 Despite improvements in medical technology, such as the development of new diagnostic imaging methods, GC remains a silent disease that is frequently diagnosed in advanced stages, which is responsible for its elevated mortality. 5 Additionally, the presence of metastasis in the lymph nodes is a frequent event in this type of neoplasia and is considered an important prognostic marker, because it may contribute to the high rates of recurrence and/or GC mortality. 6 However, the mechanisms of GC cells' migration, invasion and metastasis have not been fully understood.
Mutations that lead to EGFR overexpression (known as upregulation) or overactivity have been associated with a number of cancers, including lung cancer, anal cancers and glioblastoma multiforme. [7] [8] [9] [10] These somatic mutations involving EGFR lead to its constant activation, which produces uncontrolled cell division. 11 In glioblastoma, a more or less specific mutation of EGFR, called EGFR III, is often observed. 12 Mutations, amplifications or misregulations of EGFR or family members are implicated in about 30% of all epithelial cancers. 13, 14 However, few studies have indicated that, EGFR expression is strongly reduced at the mRNA and protein levels in non-small cell lung cancer (NSCLC), and overexpression of EGFR diminishes tumor growth, while downregulation of EGFR supports NSCLC and may be considered as a critical step in tissue reorganization and the formation of NSCLC. 15 EGFR expression is negatively correlated with depth of invasion in esophageal squamous cell carcinoma, and tumors with positive EGFR expression exhibit better prognosis than those with negative EGFR expression. 16, 17 Therefore, in order to expound the role of EGFR in GC, we investigated the expression of EGFR in human GC and the effects of EGFR knockdown on biological behaviors of GC cells.
MATERIALS AND METHODS Materials
Human SGC-7901 GC cell line used in the experiments was from the Institute of Biochemistry and Cell Biology (Shanghai, China). Lv-shRAGE, negative control vector and virion-packaging elements were from Genechem (Shanghai, China). The primers of RAGE (receptor for advanced glycation end products) and AKT were synthesized by Applied Biosystems (Carlsbad, CA, USA). All antibodies were from Santa Cruz Biotechnology (Dallas, TX, USA). They were cultured in RPMI 1640 media supplemented with 10% fetal bovine serum (FBS) and maintained at 37°C in a humidified incubator with a 5% CO 2 atmosphere.
Drugs and reagents
Dulbecco's Modified Eagle medium (DMEM) and FBS were from Thermo Fisher Scientific (Waltham, MA, USA); TRIzol Reagent and Lipofectamine 2000 were from Invitrogen (Carlsbad, CA, USA); M-MLV Reverse Transcriptase was from Promega (Madison, WI, USA); SYBR Green Master Mixture was from Takara (Otsu, Japan). ECL-PLUS/Kit was from GE Healthcare (Piscataway, NJ, USA). Clinical samples and tissue microarray was prepared for immunohistochemical test. Human GC tissues and the corresponding adjacent non-cancerous tissues (ANCT) were obtained from biopsy prior to chemotherapy in a total of 40 consecutive cases of GC admitted to our hospital from January 2008 to December 2012. The study was approved by Medical Ethics Committee of Xinjiang Medical University, and written informed consent was obtained from the patients or their parents before sample collection.Two pathologists reviewed all cases.
Tissue microarray
The advanced tissue arrayer (ATA-100, Chemicon International, Tamecula, CA, USA) was used to create holes in a recipient paraffin block and to acquire cylindrical core tissue biopsies with a diameter of 1 mm from the specific areas of the donor block. The tissue core biopsies were transferred to the recipient paraffin block at defined array positions. The tissue microarrays contained tissue samples from 40 formalin-fixed paraffinembedded cancer specimens with known diagnosis and the corresponding ANCT from these patients. The block was incubated in an oven at 45°C for 20 min to allow complete embedding of the grafted tissue cylinders in the paraffin of the recipient block and then stored at 4°C until microtome sectioning.
Immunohistochemical (IHC) staining
Anti-EGFR antibody (Santa Cruz Biotechnology) was used for IHC detection of the expression of EGFR protein in tissue microarrays. Tissue microarray sections were processed for IHC analysis of EGFR protein as follows. IHC examinations were carried out on 3-mm-thick sections.For anti-EGFR IHC, unmasking was performed with 10 mM sodium citrate buffer, pH 6.0, at 90°C for 30 min. For anti-EGFR IHC, antigen unmasking was not necessary. Sections were incubated in 0.03% hydrogen peroxide for 10 min at room temperature, to remove endogenous peroxidase activity, and then in blocking serum (0.04% bovine serum albumin, A2153, Sigma-Aldrich, and 0.5% normal goat serum X0907, Dako Corporation, in phosphate-buffered saline (PBS)) for 30 min at room temperature. Anti-EGFR antibody was used at a dilution of 1:200. The antibody was incubated overnight at 4°C. Sections were then washed three times for 5 min in PBS. Non-specific staining was blocked with 0.5% casein and 5% normal serum for 30 min at room temperature. Finally, staining was developed with diaminobenzidine substrate, and sections were counterstained with hematoxylin. PBS replaced EGFR antibody in the negative controls.
Western blotting analysis
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed as described for zymography with the modification that the gel was polymerized on Net-Fix for PAG (Serva, Heidelberg, Germany) in the absence of gelatin. Three fold for matrix metallopeptidase-9 (MMP-9) detection by the use of microsep ultrafiltration devices (Pall Filtron, Dreireich, Germany). Samples (40 ml) were mixed with loading buffer and separated either under reducing conditions in the presence of DL-DTT with prior boiling or under non-reducing conditions without boiling. After electrophoresis, proteins were transferred to polyvinyl difluoride membranes (Pall Filtron) using a semidry blotting apparatus (Pharmacia, Piscataway, NJ, USA) and probed with mouse monoclonal antibodies to EGFR (0.4 mg ml − 1 ) or MMP-9 (0.2 mg ml − 1 ), followed by incubation with peroxidase-labeled secondary antibodies (all antibodies were purchased from Amersham, Braunschweig, Germany). Detection was performed by the use of an chemiluminescence system (Amersham) according to the manufacturer's instructions.
Reverse transcriptase-PCR RNA isolation and reverse transcription were performed as previously described. Oligonucleotide primer sequences were as follows: β-actin (264 bp), forward: 5′-GAGACCTTCAACACCCCAGCC-3′; reverse:5′-AATGTC ACGCACGATTTCCC-3′; EGFR (233 bp), forward: 5′-CTGGCGGAGCACAACGA ACT-3′, reverse:5′-AGGATATCTCCATTGGGCTGAAAG-3′; and MMP-9 (201 bp), forward: 5′-TCCCCATCGCCATCCCC-3′, reverse: 5′-CACCATGGCCTCG GCTGG-3′. To all the above genes, amplification was performed under the same cycling conditions (1 min at 94°C, 50 s at 57°C, 1 min at 72°C), except the number of cycles that were specified for each gene (31 EGFR and 32 for MMP-9).
Quantification of protein expression
The expression of EGFR was semiquantitatively estimated as the total immunostaining scores, which were calculated as the product of a proportion score and an intensity score. The proportion and intensity of the staining was evaluated independently by two observers. The proportion score reflected the fraction of positive staining cells (score 0, o5%; score 1, 5-10%; score 2, 10-50%; score 3, 50-75%; score 4, 475%), and the intensity score represented the staining intensity (score 0, no staining; score 1, weak positive; score 2, moderate positive; score 3, strong positive). Finally, a total expression score was given ranging from 0 to 12. Based on the analysis in advance, EGFR was regarded as negative
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EGFR (-) Figure 1 . The expression of epidermal growth factor receptor (EGFR) protein in human gastric cancer (×200). The expression of EGFR protein was evaluated using immunohistochemical staining. The positive expression of EGFR protein was detected in the cytoplasm of gastric cancer cells and was increased in gastric cancer tissues compared with the adjacent non-cancerous tissues (ANCT). Scale bars = 75 μm. Cell culture and infection SGC-7901 GC cells were cultured in DMEM medium supplemented with 10% heat-inactivated FBS, 100 U ml − 1 of penicillin and 100 μg ml − 1 of streptomycin. They were all placed in a humidified atmosphere containing 5% CO 2 at 37°C. On the day of transduction, SGC-7901 cells were replated at 5 × 10 4 cells per well in 24-well plates containing serum-free growth medium with polybrene (5 mg ml − 1 ). When reached 50% confluence, cells were transfected with recombinant Lv-shRAGE or control virus at the optimal MOI (multiplicity of infection) of 50 and cultured at 37°C and 5% CO 2 for 4 h. Then the supernatant was discarded, and the serum containing growth medium was added. At 4 days of posttransduction, transduction efficiency was measured by the frequency of green fluorescent protein-positive cells. Positive stable transfectants were selected and expanded for further study. The clone that LvshEGFR was transfected was named as the Lv-shEGFR group and in which the negative control vectors were transfected was named as the NC group.
Cell proliferation assay 
Transwell invasion assay
Transwell filters were coated with matrigel (3.9 mg μl − 1 , 60-80 μl) on the upper surface of a polycarbonic membrane (diameter 6.5 mm, pore size 8 mm). After incubating at 37°C for 30 min, the matrigel solidified and served as the extracellular matrix for analysis of tumor cell invasion. Harvested cells (1 × 10 5 ) in 100 μl of serum-free DMEM were added into the upper compartment of the chamber. A total of 200 μl conditioned medium derived from NIH3T3 cells was used as a source of chemoattractant and was placed in the bottom compartment of the chamber. After 24 h incubation at 37°C with 5% CO 2 , the medium was removed from the upper chamber. The non-invaded cells on the upper side of the chamber were scraped off with a cotton swab. The cells that had migrated from the matrigel into the pores of the inserted filter were fixed with 100% methanol, stained with hematoxylin, mounted and dried at 80°C for 30 min. The number of cells invading through the matrigel was counted in three randomly selected visual fields from the central and peripheral portion of the filter using an inverted microscope (Piscataway, NJ, USA) (×200 magnification). Each assay was repeated three times.
Cell apoptosis analysis
To detect cell apoptosis, SGC-7901 cells were trypsinized, washed with cold PBS and resuspended in binding buffer according to the instruction of the apoptosis kit. Fluorescein isothiocyanate -AnnexinV and propidium iodide (PI) were added to the fixed cells for 20 min in darkness at room temperature. Then, Annexin V-binding buffer (Becton Dickinson, Mountain View, CA, USA) was added to the mixture before the fluorescence was measured on a FAC sort flow cytometer. The cell apoptosis was analyzed using the Cell Quest software (Becton Dickinson, Franklin Lakes, NJ, USA). Three separate experiments were performed for each clone.
Cell cycle analysis
To detect cell cycle variation, SGC-7901 cells were trypsinized, washed with PBS and fixed with 80% cold ethanol overnight at − 20°C. After PBS washing, the fixed cells were stained with PI in the presence of RNase A for 30 min at room temperature in darkness. Each sample was filtered through a 50-μm nylon filter to obtain single-cell suspensions. The samples were then analyzed on FAC sort flow cytometer. ModFit3.0 software (Verity Software House, Topsham, ME, USA) was used for cell cycle analysis. Three separate experiments were performed for each clone.
Statistical analysis SPSS 20 .0 (Becton Dickinson, Mountain View, CA, USA) was used for the statistical analysis. Kruskal-Wallis H test and Chi-square test were used to analyze the expression rate in all the groups. One-way analysis of variance was used to analyze the differences between groups. The least significant difference method of multiple comparisons was used when the probability for analysis of variance was statistically significant. Statistical significance was set at Po 0.05.
RESULTS

Expression of EGFR protein in human GC
The expression of RAGE protein was evaluated using IHC staining. The positive expression of RAGE protein was detected in the Correlation of EGFR expression with clinicopathological characteristics of gastric adenocarcinoma patients The correlation of EGFR expression with various clinicopathological characteristics was analyzed. As shown in Table 1 , EGFR expression did not associate with the age, gender and tumor size of the gastric adenocarcinoma patients (each P40.05). Upregulation of EGFR expression did not associate with T stage and N stage (P = 0.620; P = 0.593). Moreover, positive expression of EGFR was correlated with lymph nodes metastases of the tumors (P = 0.026).
Effect of EGFR knockdown on AKT expression
In pilot studies, the infection efficiency of Lv-shEGFR vector (MOI = 50) was 470.0% as observed by fluorescent microscopy in SGC-7901 cells (Figure 2 ). Then the effect of EGFR knockdown on AKT expression was identified by real-time PCR and western blotting assays in GC cells. Real-time PCR showed lower mRNA expression levels of EGFR and AKT in the Lv-shRAGE group than in the NC group (each **P o0.01; Figure 3a ). Consistent with this result, the protein expression levels of EGFR and AKT, indicated by western blotting assay were remarkably downregulated in the LvshEGFR group in comparison with the NC group (each **P o 0.01; Figure 3b ).
Effect of EGFR knockdown on cell proliferation
Deregulated cell proliferation is a hallmark of cancer. In order to examine the effect of EGFR knockdown on cell growth, we investigated the proliferative activities of GC cells by MTT assay. Knockdown of EGFR could significantly diminish the proliferative activities of SGC-7901 cells in a time-dependent manner (**P o0.01) (Figure 4a ). In addition, we also detected the expression of proliferating cell nuclear antigen (PCNA) by real-time PCR and western blotting assays to determine whether knockdown of EGFR suppressed the endogenous PCNA expression. The results showed that the amount of PCNA was significantly decreased in the Lv-shEGFR group compared with the NC group (**Po 0.01) (Figures 4b and c) , suggesting that knockdown of EGFR might inhibit GC cell proliferation through downregulation of the PCNA expression.
Effect of EGFR knockdown on cell invasion
To determine the effect of EGFR knockdown on cell invasion, Transwell assay was carried out. The invasive potential was determined on the basis of the ability of cells to invade a matrix barrier containing laminin and type IV collagen, the major components of the basement membrane. Representative micrographs of the Transwell filters can be seen in Figure 5a . The invasive potential of GC cells was significantly weakened in the Lv-shEGFR group than in the NC group (**P o0.01; Figure 5b ). In addition, the endogenous expression of MMP-9, indicated by realtime PCR and western blotting assays, was significantly decreased in the Lv-shEGFR group compared with that in the NC group (**Po 0.01; Figures Effect of EGFR knockdown on cell apoptosis and cycle distribution To determine the effects of EGFR knockdown on apoptosis and cycle distribution in GC cells (SGC-7901), flow cytometric analysis was performed. The apoptotic indices of GC cells in the Lv-shEGFR group were markedly higher than in the NC group (**P o 0.01; Figure 7a ). Cell cycle kinetics showed that the G0/G1 phase fraction was increased, whereas the S phase fraction was decreased, and cell cycle was arrested in the G0/G1 phase in the Lv-shEGFR group compared with that in the NC group (Figure 7b ).
DISCUSSION
GC, one of the most common malignancies worldwide, is the second most frequent cause of cancer death. 14, 15 The high mortalityof GC is a consequence of late-stage of diagnosis; the 5-year survival rate for advanced stages is extremely poor and around 5-15%. 16, 17 Although diagnosis and treatment of GC have improved, the survival rate has not increased substantially in the couple of years. Therefore an improved understanding of the molecular pathways involved in the progression of GC will be helpful in improving prevention, diagnosis and therapy of this disease. [18] [19] [20] [21] [22] The present study indicated that EGFR was highly expressed in GC, but the correlation of EGFR expression with the clinical characteristics of patients with GC was not further analyzed due to insufficient clinical data. However, Ye et al. 23 have reported that EGFR expression is closely associated with the invasion and metastasis with patients with GC, which provides us an experimental basis for the functional study of EGFR in GC. Interestingly, Xie et al. 24 have identified the novel function of EGFR in regulating oval cell activation and tumor development in inflammationassociated liver carcinogenesis. TheHMGB1/EGFR inflammatory pathway promotes tumor growth by regulating mitochondrial bioenergetics, suggesting that EGFR may represent an important target for the treatment of cancer. 25, 26 Up to now, the function of EGFR in GC is unclear, but some studies revealed the role of EGFR in other cancers, in which blockade of EGFR decreased growth and metastases of both implanted tumors and tumors developing spontaneously in susceptible mice. 27, 28 Targeting EGFR decreases proliferation in breast cancer cells, induces cell apoptosis and inhibits prostate cancer growth. Loss of EGFR function also inhibits the angiogenesis and progression of colorectal cancer but prolongs the survival in pancreatic cancer. 29 In order to confirm the function of EGFR in GC, the present study indicated that knockdown of EGFR expression suppressed the growth and invasion and induced cell apoptosis and cycle arrest in GC cells. Further work is needed to target EGFR for possible early intervention and prophylaxis in patients at risk for developing cancer. Our previous studies have found that ethyl pyruvate can inhibit growth and metastasis of GC cells via regulation of the HMGB1-EGFR pathway, suggesting that inhibition of EGFR by ethyl pyruvate may have a critical role in the treatment of GC in conjunction with other therapeutic agents.
AKT is overexpressed in many tumor cell lines and in some human tumors, including GC, and has a critical role in tumor growth and metastasis. [30] [31] [32] PCNA is a nuclear protein that is expressed in proliferating cells, may be required for maintaining cell proliferation and used as a marker for cancer cell proliferation. 33 MMP-9, expressed on the tumor cell surface, is an important molecule involved in tumor metastasis, activates pro-MMP to exacerbate the malignancy and is considered a powerful indicator of distant metastasis of cancer. [34] [35] [36] AKT signaling can promote tumor growth and invasion through regulation of the expression of PCNA and MMP-9. 37 Moreover, EGFR leads to the stimulation of the AKT pathway in carcinoma cells, thus enhancing their metastatic capacity. In the present study, our finding showed that knockdown of EGFR downregulated the expression of AKT, PCNA and MMP-9 and suppressed the bioactivities of GC cells, suggesting that EGFR may be involved in the development and progression of GC via AKT-mediated regulation of the PCNA and MMP-9 expression. [38] [39] [40] In conclusion, our findings indicate that upregulation of EGFR expression is associated with lymph node metastases of GC, and blockade of EGFR signaling suppresses growth and invasion of GC cells through AKT pathway, suggesting that EGFR may represent a potential therapeutic target for this aggressive malignancy.
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